I
T IS BIOLOGICALLY PLAUSIBLE THAT diets high in vegetable and fruit intake protect against cancer. Many vegetables and fruits are high in candidate protective substances, such as fiber, antioxidant vitamins and minerals, and other potentially anticarcinogenic compounds including dithiolthiones, isothiocyanates, indole-3-carbinol, flavonols, and lignans, to name a few.
Associations between vegetable and fruit intake and breast cancer risk have been the subject of a large number of case-control studies and a limited number of cohort studies. An extensive summary by the World Cancer Research Fund 1 of articles published to 1996 observed that 8 of 11 studies on total vegetable intake and breast cancer risk found protective associations. The same was true for only 4 of 12 studies on fruits. In a meta-analysis of 16 casecontrol studies and 3 cohort studies a 25% lower breast cancer risk was found for high vs low consumption of vegetables and a 6% lower risk for high vs low consumption of fruits. 2 In contrast, a recent pooled analysis of 8 cohort studies showed no evidence for a protective effect of the intake of vegSee also pp 172 and 233.
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etables and fruits as a whole nor for specific vegetable and fruit groups. 3 For comparisons of the highest vs the lowest quartiles of intake, a statistically nonsignificant 4% lower risk was observed for total vegetables and a 7% lower risk for total fruits. In yet another meta-analysis, 15 case-control studies and 10 cohort studies were analyzed separately. 4 From the analysis of case-control studies it was concluded that the relative risk of breast cancer was 14% lower for each additional 100-g/d intake of vegetables and 8% (statistically nonsignificant) lower for each additional 100-g/d intake of fruits. The analysis of cohort studies did not show any relationship between vegetable or fruit intake and breast cancer risk. The most recent meta-analysis evaluating a slightly different selection of cohort and case-control studies showed a slightly lower risk for high vs low vegetable intake in the 20 case-control studies but not in the 7 cohort studies. 5 Total fruit consumption, on the other hand, was associated with a slightly lower breast cancer risk in cohort studies but not in case-control studies. 5 Discrepancies in results may be explained by differences in study design, case-control studies being more susceptible to recall and selection bias. On the other hand, most cohort studies examining diet and breast cancer have been carried out in single populations in whom dietary habits are relatively homogeneous, so that the extent of measurement error would have obscured anything but very large underlying diet disease associations. 6, 7 One way of reducing the impact of measurement error is to study different populations with diverse dietary practices, thus increasing the between-person variance in diet and enabling the impact of measurement error to be minimized. 6 We describe herein how the intake of total and specific vegetable and fruit groups is related to breast cancer risk among participants in the European Prospective Investigation Into Cancer and Nutrition (EPIC) study, a large prospective collaboration project carried out in 10 European countries. This project, currently including 519978 individuals, is the largest ever conducted specifically to investigate the relationship between diet and cancer. 8 It includes participants living in countries from the north to the south of Europe, spanning a wide range of vegetable and fruit consumption. 9 
METHODS
EPIC is a prospective cohort study designed to investigate the relationship between food, nutritional status, and various lifestyle and environmental factors and to investigate the incidence of different types of cancer. The total EPIC cohort consists of subcohorts recruited in 23 centers in 10 European countries: Denmark, France, Germany, Greece, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom, allowing comparisons between regions with very different rates of cancer occurrence and distribution of lifestyle and food habits. We used dietary assessment methods, administered lifestyle questionnaires, and obtained anthropometric measurements from all participants at the time of enrollment. The methods have been reported in full. 8 
Study Participants
In this study, we describe data for the female participants of the EPIC cohort. They were mostly aged between 25 and 70 years and recruited from the general population residing in a specific geographical area, a town or a province. Exceptions were the French cohort, which was based on female members of the health insurance for school employees; the Utrecht cohort (the Netherlands) and the Florence cohort (Italy), both of which were based on women attending breast cancer screening, components of the Italian and Spanish cohorts and which included members of local blood donor organizations; and most of the Oxford, England, cohort, which was based on vegetarian and health-conscious volunteers. Eligible participants were invited to participate in the study, and those who accepted gave informed consent and completed questionnaires on their diet, lifestyle, and medical history. Study participants were invited to a center for blood collection and anthropometric measurements including height and weight.
Our study is based on data from 336035 female participants after a priori exclusion of women with prevalent cancer at any site at baseline examination, if they had not filled out the dietary or nondietary questionnaires, or if they were in the top or bottom 1% of the ratio of energy intake to estimated energy requirement calculated from body weight, height, and age 10 to reduce the impact on the analysis of implausible extreme values. From the original cohort (n = 336 035), we further excluded the centers in Greece (n = 14 784) and Norway (n = 35 236) because of the small numbers of cases accruing there from a short follow-up.
All participants gave written or oral informed consent. The study was approved by the International Agency for Research on Cancer ethical review committee and by the local ethical committees at the participating centers.
Diet and Lifestyle Questionnaires
Diet was measured by countryspecific questionnaires designed to capture local dietary habits and to provide high compliance, as previously described. 8 Six countries administered a dietary questionnaire, which can provide data on as many as 350 food items per country. In France, Spain, and Ragusa, Italy, similar dietary questionnaires, but structured by meals, were used. The centers in Spain and Ragusa performed a face-to-face dietary interview using a computerized dietary program. Questionnaires in France, Northern Italy, Spain, the Netherlands, Germany, and Greece were quantitative, estimating individual average portion sizes systematically. Those in Denmark, Norway, Naples, Italy, and Umea in Sweden were semiquantitative, with the same standard portion assigned to all participants. In Malmö, Sweden, a modified diet history was used, combining a 168-item questionnaire with VEGETABLES AND FRUITS AND BREAST CANCER RISK a 7-day menu book and a structured interview. A food frequency questionnaire and a 7-day record were adopted in the United Kingdom. All dietary measurement instruments have been validated previously in a series of studies within the various source populations participating in EPIC. 8, 11 To improve the comparability of dietary data across the participating centers, dietary intakes from the questionnaires were calibrated using a 24-hour diet recall method common to all centers; these data were collected from an 8% random sample of the whole EPIC cohort (36900 individuals) and were available for 18559 of the women in our analysis. This second dietary measurement was administered via a face-toface interview using a computerized 24-hour diet recall method developed ad hoc. 12 Using these data, food intakes estimated from the food frequency questionnaires can be transformed to a common scale, enabling comparisons of cancer risk in relation to food intake to be made across all EPIC centers as a whole. We examined the total vegetable and fruit groups: total vegetable consumption, total fruits, and fruit and vegetable juices. The total vegetable consumption category can be subdivided into the following specific vegetable subgroups: leafy vegetables, fruiting vegetables, root vegetables, cabbages, mushrooms, grain and pod vegetables, onion and garlic, stalk vegetables and sprouts, mixed salads and mixed vegetables, and unclassified. Not included are legumes and potatoes and other tubers. Although they are foods of plant origin and are sometimes included under the broad category of vegetables, in most studies they are considered as a separate food group because they are different from vegetables in energy and carbohydrate contents and because they are frequently used as a substitute for cereals rather than for vegetables. The subgroup unclassified contained in most instances food items not fully described during the interview. The subgroups leafy, fruiting, root, cabbages, mushrooms, and onion and garlic could be investigated separately. The remaining subgroups accounted for only a small portion of total vegetable intake and were not examined separately.
The total fruit consumption category mainly consisted of the intake of all sorts of fresh fruits (~90%) but included dried and canned fruits as well. Intake of fruit and vegetable juices was handled separately from fruit and vegetable consumption because they are not the same nutritionally and they were quantified in liquid form, which makes the results difficult to pool with those of solid foods.
Lifestyle questionnaires included questions on reproductive history, use of oral contraceptives, use of hormone therapy, education, physical activity, history of previous illness and disorders or surgical operation, and history of consumption of tobacco and alcoholic beverages.
End Points
The follow-up was based on population cancer registries in 7 of the participating countries: Denmark, Italy, the Netherlands, Norway, Spain, Sweden, and the United Kingdom. In France, Germany, and Greece, we used a combination of methods including health insurance records, cancer and pathology registries, and active follow-up through study participants and their next-of-kin. Mortality data were also obtained from either the cancer registry or mortality registries at the regional or national level. By November 2002, for all centers using cancer registry data, reports to the International Agency for Research on Cancer represented complete follow-up until December 1998: Bilthoven, Turin, Naples, Ragusa; June 1999: Aarhus, Copenhagen, Murcia; December 1999: Varese, the northwest of Norway; December 2000: Florence, Norfolk, Oxford, Utrecht, the southeast of Norway, San Sebastian, Granada, Asturias, Navarra; June 2001: Umea; and December 2001: Malmö. For France, Germany, and Greece, countries using individually based followup, the end of the follow-up was considered to be the last known contact, or date of diagnosis or death, whichever came first. In our analysis, we included the results from all centers except for those in Greece and Norway because of the small numbers of cases accruing there from a short follow-up time: 39 and 93 incident invasive breast tumors, respectively.
We used the International Classification of Diseases, 10th Revision (ICD-10) for injuries and causes of death. Cancers of the breast as analyzed herein were defined as C50. By the end of November 2002, 4148 incident breast cancer cases with complete and satisfactory data, as described in the Study Participants subsection, had been included in the International Agency for Research on Cancer database. Of these, 3659 were invasive tumors, 450 in situ tumors, and 39 had no information on morphology characteristics. Only invasive breast cancer cases were included for analysis, leaving an analytic cohort of 285526 women among which 3659 were invasive breast cancer cases.
Statistical Methods
Follow-up was analyzed until censoring at the date of diagnosis of breast cancer, death, emigration, other loss to follow-up or the date at which follow-up ended, defined as the last date at which follow-up data were judged to be complete or the last date of contact in the centers that used active follow-up.
Age-standardized incidence rates were computed for each country but restricted to women aged 50 to 70 years because this is the only age range common to all countries. Rates were obtained using direct standardization, using the age distribution of the total population in 5-year age categories as the standard. Breast cancer incidence rates were also computed per 10-year age category. For this purpose we calculated the number of person-years that each person contributed to each of the age categories.
Relative risks (RRs) and their 95% confidence intervals (CIs) were estimated by Cox proportional hazard regression methods. Attained age was VEGETABLES AND FRUITS AND BREAST CANCER RISK ©2005 American Medical Association. All rights reserved. used as the primary time variable in all Cox's regression models. This implies that in the mathematical models 2 time variables were used: entry time or t 0 , defined as the women's age in days at recruitment, and exit time or t 1 , defined as their age in days at breast cancer incidence or censoring.
Vegetable and fruit intakes estimated from the dietary questionnaires were calculated in grams per day. We analyzed the data using variables as categorical, by EPIC-wide quintiles, and as continuous (increment of 100 g/d). To calculate the P value for trend across quintiles, participants were assigned a score ranging from 1 to 5 according to their quintile of intake and this variable was entered as a continuous term in the Cox regression models.
All results were stratified by center to control for center effects related to different follow-up procedures and questionnaire design. The results were further stratified by age at recruitment. This is done because the Cox's regression models that we use assume that the hazard function, given age and other covariates, does not change with time and in some situations this assumption will not be valid because of calendar effects. In addition, the results were adjusted for estimated energy intake (continuous). This was done to adjust partially for the error in the estimated intake of fruits and vegetables because there is high correlation between the errors of estimation of different dietary components. To improve this error correction, estimated energy intake was divided into energy from fat and energy from nonfat sources because fruit and vegetable intake largely contribute to the nonfat energy components of the diet. 13 To control for body size and obesity, models were run with height and weight and with body mass index, and the results did not differ. Models including height (continuous) and weight (continuous) were presented in the results. Also included in the models were saturated fat intake (continuous), alcohol intake (continuous), age at menarche (Յ12, 13-14, Ն15 years), parity (yes/ no), current use of oral contraceptives (yes/no), menopausal status (premenopausal, perimenopausal, postmenopausal as previously defined 14 ) , current use of hormone therapy (yes/no), smoking status (current, former, never), physical activity (inactive, moderately inactive, moderately active, active, based on work and leisure time physical activity 15 ), and education (none, primary school, technical/professional school, secondary school, university). Information on family history of breast cancer was not available. Partticipants with missing values for one or more of these covariates were excluded from the multivariate analysis. In total, there were 211281 persons with complete information on all covariates (observed in a person-time experience of 1037958 person-years), and among these 2550 invasive breast cancer cases. The multivariate analysis is thus restricted to these complete cases.
Calibration
A calibration method was used to correct for between-center errors, mainly attributable to using different dietary measurement methods among EPIC centers and to correct for random and systematic within-person errors. In this method, the 24-hour recall values of participants of the calibration study were regressed on their main study dietary questionnaire values, providing regression coefficients for total vegetables and total fruits. 12, [16] [17] [18] [19] [20] [21] Age at recruitment, height, weight, and season in which the dietary questionnaire was filled out were covariates in the model. In addition, each center was included in the calibration model as a main effect to ensure correction for betweencenter measurement errors. Countryspecific interaction terms were also included to take into account specificity of dietary measurements accuracy and range of intake. Estimation of regression coefficients was weighed for day and season of the 24-hour recall measurement.
The regression intercept and slope that were obtained from the linear calibration model were then applied Abbreviations: CI, confidence interval; RR, relative risk. *The quintile ranges are the same as those reported in Table 2 . †Only stratified by center and age in 1-year intervals. ‡Stratified by center and age in 1-year intervals and adjusted for: energy intake (continuous) divided into energy from fat and energy from nonfat sources, alcohol intake (continuous), saturated fat intake (continuous), height (continuous), weight (continuous), age at menarche (Յ12, 13-14, Ն15 y), parity (yes/no), current oral contraceptive use (yes/no), current use of hormone therapy (yes/no), menopausal status (premenopausal, perimenopausal, postmenopausal), smoking status (current, former, never), physical activity (inactive, moderately inactive, moderately active, active), and education (none, primary school, technical or professional school, secondary school, university). Abbreviations: CI, confidence interval; RR, relative risk. *The quintile ranges are the same as those reported in Table 2 . †Leafy vegetables, excluding cabbages. ‡Only stratified by center and age in 1-year intervals. §For stratification and adjustments, see Table 4 footnote. Exclusion of center of Umea, Sweden, because there was no information on cabbages and mushrooms. ¶Exclusion of center of Umea, Sweden, and France because there was no information on garlic and onions.
the corresponding numbers of personyears. On average, breast cancer incidence rates were higher in northern than in southern European countries. TABLE 2 shows the mean intakes of vegetables and fruits, within each EPICwide quintile of intake. The means were estimated from the 24-hour recall data from women in the calibration study because these provide a more valid estimate of variation in dietary intake than values derived from the foodfrequency questionnaires. Mean intake of total vegetables in the upper quintile was more than 2-fold higher than that in the lowest quintile. For total fruit intake the difference was more than 3-fold. TABLE 3 shows breast cancer risk factors by the highest vs lowest quintiles of total vegetable intake and total fruit intake.
TABLE 4 presents the number of cases and person-years and the estimated RRs per EPIC-wide quintile of total vegetable and fruit groups. Only invasive breast tumors are included. Different RRs are presented: first unadjusted RRs (only stratified by center and age at recruitment), followed by adjusted RRs for which all the breast cancer risk factors listed in the Table 4 footnote were taken into account.
No significant associations between intake of total vegetable and fruit groups and breast cancer risk were observed. Relative risk estimates for comparisons of the highest vs the lowest quintile were 0.98 (95% CI, 0.84-1.14) for total vegetables, 1.09 (95% CI, 0.94-1.25) for total fruit, and 1.05 (95% CI, 0.92-1.20) for fruit and vegetable juices. Looking at vegetable subtypes (TABLE 5), there was no evidence for inverse associations between intake and breast cancer risk either.
To ensure that the completesubject approach we used in the multivariate analyses did not lead to selection bias, we calculated the crude risk estimates for the persons with complete data on all potential confounding variables and compared these with the crude risk estimates in the total cohort, as presented in Table 4 . The crude risk estimates in the persons with complete data for the highest vs the lowest quintile were 0.96 (95% CI, 0.83-1.10) for total vegetables, 1.04 (95% CI, 0.91-1.19) for total fruit, and 1.05 (95% CI, 0.93-1.20) for fruit and vegetable juices, which is hardly different from the crude risk estimates in the total cohort. FIGURE 1 shows country-specific RRs for breast cancer in relation to total vegetable intake and FIGURE 2 in relation to total fruit intake. On average, there was no evidence for protective effects of either vegetable or fruit intake. Only Sweden showed a slight, but nonsignificant, trend of a protective effect of Adjusted variables are listed in the footnote in Table 4 . Greece and Norway were excluded because of the small number of cases accruing there from a short follow-up period. *Not adjusted for current use of hormone therapy because data are not available.
VEGETABLES AND FRUITS AND BREAST CANCER RISK
©2005 American Medical Association. All rights reserved. vegetables and fruits. In Spain slightly increased risks were observed. FIGURE 3 shows the continuous original (uncalibrated) and deattenuated (regression-calibrated) risks for breast cancer according to total vegetable intake and according to total fruit intake. The uncalibrated analysis is the analysis with the original values as obtained from the dietary questionnaires. The regressioncalibrated analysis is the analysis with the predicted values based on the calibration models that were built by regressing the 24-hour recall values on the dietary questionnaire values. The predicted values are believed to better reflect real intake because these values are adjusted for systematic and random within-person errors as well as between-center errors. The ␤ coefficient for total vegetable intake (per 100 g/d) based on the food-frequency questionnaire (uncalibrated) was 0.0129 (SE, 0.0187; P = .49), whereas that for the calibrated values was 0.0210 (SE, 0.0580; P=.72). For total fruit intake (per 100 g/d) the uncalibrated ␤ coefficient was 0.0130 (SE, 0.0124; P=.29) and the calibrated ␤ coefficient was 0.0281 (SE, 0.0271; P=.30). The SEs of the deattenuated estimates presented herein are in fact too small because the uncertainty related to measurement error correction has not been taken into account. Since we could not find evidence for a relationship in the first place, the calculation of SEs with bootstrap sampling, which is normally done to obtain more conservative SEs, seems not relevant in this case.
The main analyses on total vegetable and fruit consumption in EPIC-wide quintiles were repeated, restricting to younger women, diagnosed with breast cancer at age 50 or younger, as a proxy for hereditary breast cancer, but this made no essential difference to our conclusion (highest vs lowest quintile for total vegetables RR, 1.25; 95% CI, 0.86-1.82 and total fruits RR, 1.17; 95% CI, 0.84-1.64). Stratification by body mass index (below vs above median value) did not lead to different conclusions either (for interaction of body mass index with total vegetables, P=.60; with total fruits, P = .58). In addition, to investigate whether cancers diagnosed soon after recruitment may have influenced our findings, we repeated our analyses excluding the first 2 years of follow-up. For vegetables, this led to a slightly lower risk for the highest vs lowest quintile (RR, 0.91; 95% CI, 0.75-1.11), but there was no evidence for a dose-response relationship: P for trend=.62). Total fruits excluding the first 2 years of follow-up did not lead to different findings (highest vs lowest quintile RR, 1.15; 95% CI, 0.96-1.38).
To examine whether the type of foodfrequency questionnaire could have in- Adjusted variables are listed in the footnote in Table 4 . Greece and Norway were excluded because of the small number of cases accuring there from a short follow-up period. *Not adjusted for current use of hormone therapy because data are not available. 
COMMENT
In this prospective study with more than 3500 invasive breast cancer cases, we observed no association of risk with either total consumption of vegetables and fruits or with vegetable subgroups. This absence of a protective association was observed among almost all of the participating countries. A protective effect is supported by a vast number of case-control studies. 1, 2, 4 It is possible, however, that the inverse relationships reported from case-control studies may have been overstated, because of recall bias and possibly because early symptoms in patients may have led to a change in dietary habits. In addition, selection bias is a problem in situations where control participation is less than complete because those controls who participate are likely to be more health conscious and consume greater amounts of vegetables and fruits.
Our null findings are in agreement with a recent pooled analysis of the cohort studies on vegetable and fruit intake and the risk of breast cancer. 3 One of the advantages of the Pooling Project is its large sample size. Limitations are a potential for publication bias and the fact that although all analyses were performed with the original data in a standardized way, dietary questionnaires were very different in design.
The advantages of our cohort study are its size and the wide range of vegetable and fruit intake, caused by the inclusion of participants living in countries from the North to the South of Europe. The mean 24-hour-recall intake of total vegetables in the fifth quintile was more than 2 times higher than that in the first quintile. For total fruit intake the 24-hour-recall mean in the fifth quintile was more than 3 times higher than that in the first quintile. It thus seems unlikely that the range of intakes of these foods was too narrow to detect an association, if there was one. This study had 80% power to detect a relative risk of 0.84 for the highest vs the lowest quintiles, tested with a 2-sided ␣ of .05.
Comparable with the pooled analysis by Smith-Warner et al 3 a potential limitation of our study is that although a similar type of dietary questionnaire is used in the various EPIC study centers, the number and detail of questions about consumption of specific foods was adapted to local habits, for dietary habits vary substantially between countries. To adjust for possible systematic overestimation or underestimation in dietary intake measurements, a calibration approach was used. 12 The calibration method assumes that the 24-hour recall method measures the intake without bias and that the measurement error of the 24-hour recalls is independent of that of the dietary questionnaires. Because this might not be true, it could be argued that the absence of any association of vegetable and fruit intake with breast cancer risk in EPIC could be because the methods for measuring diet are insufficiently accurate. Arguing against this interpretation is the fact that EPIC has detected significant associations of fruit intake with lung cancer, based on 860 cases. 22 This suggests that the methods used by EPIC to estimate diet, together with the wide range in dietary intakes, are sufficient to detect associations of these foods with cancer risk.
Another critical issue is the fact that some of the cohorts were not based on the general population but were school teachers, breast cancer screening participants, members of blood donor organizations, or vegetarian and healthconscious volunteers, which may lead to differences in mode of detection between centers. Also, the fact that in some countries national or regional breast cancer screening programs (with varying coverage percentages) are organized, whereas in others individual women may request a routine mammography, could possibly lead to higher detection rates in some centers than in others. Since all our analyses were stratified by center, however, it is unlikely that this would have biased our results. Also, when studying the results at country level, no clear protective effects can be observed in any of the countries.
It has been suggested that only certain types of vegetables and fruits confer protection against breast cancer risk. In our analysis we were able to study the intake of a number of vegetable subgroups, which did not appear to protect against breast cancer. It remains possible, however, that there may be an association with specific types of veg- Table 4 . Fitted lines are based on total intake increments of 100 g/d.
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In addition, there is some evidence that protective effects of vegetables and fruits would be stronger in women with a family history of breast cancer 23 or women with estrogen receptor positive tumors. 24 This information is not available from the EPIC cohort, therefore, we were not able to confirm this.
Lastly, it should be noted that the duration of follow-up in EPIC is still relatively short and that the dietary information collected at baseline may not be the best reflection of what is etiologically relevant. We cannot exclude that associations will be found after more years of follow-up. However, the cohort studies as summarized in the pooled analysis of Smith-Warner et al, 3 which varied in duration of follow-up from 5 to 10 years, did not show stronger effects with longer duration of follow-up. For now, the findings from this study confirm the data from the largest pooled analysis to date, 3 in that no large protective effects for vegetable or fruit intake in relation to breast cancer can be observed. This does not exclude the possibility that protective effects may be observed for specific nutrients or in specific subgroups of women, such as those with a family history of breast cancer or estrogenreceptor positive tumors.
